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ABSTRACT -- 

P a r a l l e l  p rog rams  exploring cell charac te r i s t ics  of cadmium- oxygen 
cells have been continued through this repor t  per iod.  . 
s t ruc tu re  utilizing an  oxygen electrode purchased f r o m  the Amer ican  Cyanamid 

Company and a Union Carbide electrodeposited cadmium electrode has  given 

r a the r  poor  cycle life on a two-hour charge/two-hour discharge regime.  

cell  fa i lure  has  been t r aced  to oxygen electrode deterioration. 

fa i lure  has been seve re  oxygen electrode polarization on both charge and dis-  

charge.  

but may  be  a resu l t  of oxygen evolution d u r i n g  charging of the cell. 

life has  ranged f r o m  a s  low a s  25 cycles to  about 200 cycles for this  cel l  type. 

A th ree-e lec t rode  cell  utilizing a Union Carbide oxygen electrode, a Union 

Carbide electrodeposited anode, and a t h i rd  electrode for charging has  also 

shown oxygen electrode limitation, but has  given cycle life in  the range of 

200 to  500 cycles  on the two-hour charge/two-hour discharge regime.  

tests have been complete discharge tes ts  (initially to 0.2 volt and l a t e r  to  

0.4  volt) at constant cur ren t .  

A two-electrode ce l l  

The  

The mode of 

Reasons for  the oxygen electrode fai lure  have not been established, 

Cycle 

Cel l  

Tests with both types of ce l l s  a r e  being run  on a 24-hour charge/  

24-hour discharge regime.  No problems o r  fa i lures  have occurred  to  date.  

The two-electrode cell has  completed 15 cycles  and the three-e lec t rode  ce l l  

has  completed 39 cycles a s  of October 1st. 

Ce l l s  have been built for  0°C and 40°C tests which will be  s t a r t ed  
soon. 

The ca.dmium electrodeposition p rocess  has  been used to produce anodes 

with approximately four times the capacity of the original s tock anodes. 

life and capacity charac te r i s t ics  a r e  being evaluated. 
Cycle 
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INTRODUCTION 

Work conducted to  date has  continued to  show the feasibility of recharg-  

ing the cadmium-oxygen sys tem.  
exploring a two-electrode and a three-electrode experimental  ce l l  construction. 

In the two-electrode cell, the oxygen electrode used was purchased f r o m  the 

Amer ican  Cyanamid G o .  With the two-electrode ce l l  s t ruc ture ,  the oxygen 

electrode is used fo r  both charge and discharge.  The three-electrode ce l l  is 

constructed s o  that the oxygen electrode is idle during the charge  cycle while 

a thi rd iner t  electrode c a r r i e s  the charging cur ren t .  

e lectrodes are  normally used in  the three-electrode cel ls .  

Work has  continued on para l le l  p rog rams  

Union Carbide oxygen 

The cadmium 
electrodes have been made by Union Carbide 's  electrodeposit ion p rocess .  (1) 

Two- electrode cells being tes ted on a two-hour charge/two-hour d is -  

charge reg ime have shown relatively short  cycle life which has  been t r a c e d  

t o  poor oxygen electrode performance.  A number of experiments and cell 

modifications have been attempted in  an effort to  isolate  the problem. 

cel ls  on the 24-hour charge/24-hour  discharge reg ime have not shown this 

deficiency to  date. 

S imi la r  

During this per iod all tests have been  to  essentially complete d ischarge .  

Initially 0.2 volt was used as the  end of test cut-off voltage, but s ince the end 

of discharge voltage drops v e r y  sharply, 0 . 4  volt cut-off was adopted a s  

s tandard.  This  change makes v e r y  little change in cell  capacity. 

DISCUSSION 

A. DescriDtion of ComDonents 

1. Oxygen Electrodes - 
The oxygen electrodes used in cel ls  t es ted  during this repor t  per iod 

a r e  the s a m e  as those used previously and reported in  our First Quar te r ly  

Re2ort .  

an  electrochemical ly  active carbon layer applied to  porous me ta l  backing. 

Because of its susceptibility to  damage f r o m  oxygen evolution which occur s  

during charging, this electrode may  be used only when a th i rd  electrode 

s e r v e s  as the charging electrode.  

One is the Union Carbide "fixed-zone" electrode which consis ts  of 
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The other  oxygen electrode was purchased f r o m  the Amer ican  

Cyanamid Company and is designated a s  type "Lab-40" with A-L backing. 

This electrode is composed of a catalyzed electrochemically active mater ia l ,  

bonded, with t lTef lont t ,  embedded in  a gold plated nickel s c r e e n  collector,  and 

backed' with a porous mater ia l .  Various backing ma te r i a l s  with different 

porosi t ies  a r e  available. 

nated as  type A-2. This e lectrode s t ructure  should be  res i s tan t  to damage 

f r o m  oxygen evolution during the charging cycle, eliminating the need-for  a 

t h i r d  o r  charging electrode.  

Electrodes used to date have had a backing desig- 
\ 

2. Cadmium Electrode 

The  cadmium electrodes used have all been made by the patented 

Union Carbide electrodeposit ion process  a s  descr ibed in  our F i r s t  Quarter ly  

Report .  

0.031 amp-hr /cm2.  

amp-hr /cm2.  

o r  other  mater ia l .  

nickel screen with 0.007 inch diameter wire .  

Electrodes used in  the majority of tes t s  had a nominal capacity of 

Recently a few electrodes have been made with 0 .121  

Electrodes can be made on a base  of nickel, copper,  s i lver  

Electrodes used to date have been plated on 40 x 40 mesh  

3. Electrolyte - 
The electrolyte used is 40 percent by weight (10 N) potassium hydroxide 

prepared  f r o m  reagent grade  pel le ts .  

4. Separa tors  - . 
Two types of s epa ra to r s  are used in  our  cell construction. 

a special  woven polypropylene mat  obtained f r o m  The Lamports  Company. This 

ma te r i a l  is designated as "waffle weave" S/7700.  

it suitable for the charging electrode separa tor  where oxygen escape paths a r e  

necessary .  

is used as the cadmium electrode separa tor .  

provides an  efficient b a r r i e r  to oxygen gas bubbles f r o m  the charging electrode. 

This ma te r i a l  has  been obtained f rom the Pel lon Corporation and is  identified 
as No. 10194C. 

One type is 

Its wide open s t ruc tu re  makes 

The other s epa ra to r  is a non-woven nylon f iber  felt .  This  ma te r i a l  

When wet with electrolyte,  it 
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5. Cathode Current  Collector 
-_. 

The American Cyanamid electrode i s  capable of serving a s  its own 

current  collector due to the embedded gold plated nickel s c reen .  
rigid enough to need very  l i t t le support on the gas side.  - 
electrode i s  a l so  capable of serving as i ts  own cu r ren t  collector a t  low cur ren t  

It is a l so  
. .  

The Union Carbide 

. densit ies due to  the porous meta l  backing. It is ,  however, a ve ry  thin and 

flexible electrode, and needs support on the gas  s ide to prevent collapse into 

the space provided fo r  gas  circulation. Adequate support and be t te r  cur ren t  

collection i s  obtained by the use of an expanded nickel gr id  in the gas  space.  

Mater ia l  designated a s  5 Ni 15 210 obtained f r o m  Exmet  Corporation has  been 

used for this purpose.  

B. Experimental  Unit Cell Construction 

The experimental  unit cells used to  evaluate the cadmium- oxygen 

sys tem a r e  essentially the s a m e  a s  those reported in  our  F i r s t  Quarter ly  

Report. These  a r e  the three-electrode unit cel l  and the two-electrode unit 

cell.  A detached view of each of these unit cel l  types is reproduced f rom the 

First Quarter ly  Report  for the convenience of the reader .  

detached view of a s tandard three-electrode ce l l  and Figure 2 is a detached 

view of a two-electrode cell .  

F igu re  1 is a 

Severa l  construction variations have been attempted. F o r  the three-  

e lectrode system, with reference to  Figure 1 ,  these  were a s  follows: 

a. The charging electrode was moved f rom between the 

anode and cathode to the opposite s ide of the anode. This 

allows much c loser  spacing between the anode and cathode s o  

th'at the cel l  discharges at a higher voltage. 

. 

b. The s a m e  arrangement  a s  in  a .  above, but with the 

addition of two layers  of "Zephyr" between the charging 

electrode and the anode. 

cellulose casing mater ia l  made by Food Products  Division, 

Union Carbide Corporation. 

tion of the anode f rom oxygen generated a t  the charging 

electrode. 

"Zephyr" is a t r ademark  for  a 

This provides positive separa-  
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FIGURE 1.  

STANDARD CONSTRUCTION O F  UNIT C E L L  I N  

---- 

THREE- ELECTR ODE SYSTEM 

"Lucite" End Pla te  

Expanded Nickel 

'Fixed-Zone" Oxygen Elcc ,  rode  

Polypropylene Mat Separa tor  

Nickel Charging 
/ Electrode 

Cadmium Elec t rode  

-1 l tLuci te l '  End Plate 

C-3668 
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F I G U R E  2. ---- 

STANDARD CONSTRUCTION O F  UNIT CELL I N  
TWO- E L E C  TR ODE SYSTEM 

n "Lucite" End P la t e  
\ *  
\d 

American  Cyanamid 
/-' Cell Electrode 

A\b \ L 

Cadmium . ;: '; 
*, .. .: . . . . .  * .  

"Pellon" 

l'Luditell End Plate 

Fue 1 

C-3669 
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c. An attempt was made  to operate  a ce l l  without the 

llPellon" anode separator ,  but with the polypropylene 

charging electrode separator  retained for  ce l l  spacing 
purposes. 

Construction variations made  in the two-electrode sys tem,  with 
. re ference  to  F igure  2 were: 

a. An attempt was made to  operate  a ce l l  without the 

llPellon'l anode separator  as a pa ra l l e l  experiment  to  c. 

above. 

b. A ce l l  was constructed with a double thickness of poly- 

propylene sepa ra to r  between the anode and cathode in an 

at tempt  to improve oxygen escape during the charge cycle.  

c. A ce l l  was constructed with the no rma l  anode to  cathode 

spacing, but the polypropylene sepa ra to r  was left out. 

To maintain no rma l  spacing a per iphera l  "Lucite" space r  was 

used. 

evolution during charging. 

This is to provide a completely c l ea r  path for  oxygen 

C. Unit Cel l  Pe r fo rmance  - 
1 --I Three -E lec t rodeSys tem - --- 
With the cell s t ruc tu re  shown in F igure  1, cycle life has  not been as 

good a s  we had expected f r o m  work reported in  the First Quar te r ly  Report .  

With the Union Carbide electrode,  cycle life on two-hour charge/two-hour 

discharge reg ime has  been  between 200 and 500 cycles .  However, a t  reduced 

capacity (50 percent  o r  l e s s )  t hese  cells have continued cycling beyond 700 
cycles. 

has  been the cause of failure,  the oxygen electrode has  slowly deter iorated.  

W e  a r e  not able at this time to explain the ear ly  fa i lure  of these  electrodes.  

Cel l  No. 21 of Table I is typical of the s tandard construction. 

Except for  a few cases  where poor  r e s t r a in t  of the cadmium electrode 

Seve ra l  ce l l s  have been tes ted wherein the th i rd  o r  charging electrode 

h a s  been removed f r o m  between the anode and cathode, and placed behind the 

anode. In this  construction, the anode and cathode are much c lose r  together 
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In a ce l l  with the charging electrode behind the anode and with two 

To experimentally de te rmine  the effects of using no "Pellon" a rode  

sepa ra to r  in  the s tandard construction, Cel lNo.  18 was made  up. 

between the anode and cathode was maintained by the polypropylene mat 

sepa ra to r .  

expected, however, t he re  was a severe  shortening of cycle  life due to  lo s s  

of cadmium f r o m  the anode. Eventually the ce l l  was shor ted  by the accumu- 

lation of cadmium at the bottom of the cell. This ce l l  was No. 18 in  Table  I. 

Spacing 

Only a v e r y  slight gain i n  operating voltage was noted. As 

2. Two-Electrode System 

A two-electrode ce l l  was built as a para l l e l  experiment  for  the three-  

-_I_- 

e lec t rode  ce l l  with no "Pellon" separa tor  around the anode (see Cel l  No. 18 

i n  Table  I). This cell (No. 24 in Table 11) gave r e su l t s  which were  v e r y  

similar to  those obtained with the three-electrode sys t em.  

With Amer ican  Cyanamid electrodes built into the two- electrode unit 

cell, cycle  life on the two-hour charge/two-hour d ischarge  reg ime has  been 

f r o m  25 cycles to  200 cycles.  

not yet complktely understood. 

when charged a t  constant cu r ren t  to  a voltage cut off of 1 .65  volts Cd-02.  

After from 10 to 20 cycles,  the capacity becomes less and l e s s  until in  a 

sho r t  time the ce l l s  are  charging to  cut-off voltage in  l e s s  than five minutes.  

If lef t  alone, these  cells somet imes  recover  to full capacity, and then go 

through another per iod of capacity reduction. 

voltage also will cause  the ce l l  to  recover for  a t ime.  

cut-off voltage 0 .10  volt m a y  bring the capacity back to  near ly  no rma l  for  f r o m  

5 to 20 cycles. # 

The failure mode has  been r a the r  odd and is 

Cells when first s t a r t ed  will  cycle  normally . 

Increasing the charging cut-off 

Raising the charge  
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This ability to recover  to  nearly full capacity led  us to believe the 

fault might be  a l a rge  gas  bubble trapped in the m e s h  of the polypropylene 

separa tor .  

no rma l  interelectrode spacing and with two polypropylene sepa ra to r s  to give 

a be t te r  gas  escape  path. 

but with no polypropylene space r  as another means  of providing fo r  be t te r  

gas escape.  These  cel ls  Nos. 20 and 27, rcspectivcly,  a r e  conipzrcd to a 

s tandard  two-electrode ce l l  No. 32 in Table 11. These two t e s t s  showed that 

the problem was not caused by gas  bubbles in  the polypropylene separa tor .  

However, much m o r e  efficient oxygen evolution is obtained when the poly- 

propylene separa tor  is not used. 

To test this possibility, a ce l l  was constructed with double the 

A second cell  was a l so  built with no rma l  spacing 

Polar izat ion studies of Cel l  No. 20 have shown that the oxygen electrode 

is deteriorating with t ime  as shown in F igure  3 .  The ce l l  behavior throughout 

its life is depicted i n  F igure  4. Through cycle 27, the charge  was cut off a t  

1.65 volts, but by then charge input was getting quite low so  on cycle 28 the 

cut off was r a i sed  to  1.75 volts. 

r a i s e  the charge cut off to  1 .80  volts. 

Again at 90 cycles  it was necessa ry  to  

More  information is gained from Cel l  No. 17 which was tes ted on the 

Union Carbide Computer Test Facility. 

0 .8  a m p e r e  constant cur ren t  to  1.75 volts cut off o r  2 .0  hours ,  and to dis- 

charge at 0.8 ampere  constant current  to  0 .4  volt o r  2 . 0  hour s .  

m e r c u r i c  oxide re ference  electrode was included in  the ce l l  so  that the 

per formance  of the individual electrodes is known. Table  I11 shows the 
per formance  of the ce l l  through 16 cycles respectively.  

four cycles,  the  cadmium was not completely charged and\ the cut-off voltage 

was not reached on ei ther  charge o r  discharge.  F igure  5 and Figure  6 show 

the ce l l  and electrode potentials for  the f i r s t  and th i rd  cycles.  

and a l l  succeeding cycles, the. ce l l  reached cut-off voltage on charge s o  that 

less than 1.6 amp-hr  of charge was returned to the cell .  

capacity did not go below 1.6 amp-hr  until the seventh cycle, however, 
indicating an anode capacity somewhat grea te r  than 1 . 6  amp-hr .  

The t e s t  was s e t  up to charge a t  

A mercury /  

Through the f i r s t  

On the fifth 

The discharge 
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FIGURE 3. 

IR FREE POLARIZATION O F  OXYGEN ELECTRODE IN C E L L  NO. 20 

(d 

0 -0.2 

-0.3 

.-0.4 

, 

0 -Cycle 1 
A Cycle 186 
0 Cycle 220 

t I I 1  I t  1 I t i l !  I 4 I I I I  I !-A- 
1 2 3 4 5 6 7 8 9 1  2 3 4 5 6 7 8 9 1  

Amperes /Square Foot 

C-3751 
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In Figure  7 the charge curves show that by cycle 9, the oxygen 

electrode charge  potential is no rma l  and the electrode is reaching fui i  charge  

i n  less than two hours .  

polarizing severe ly  with t ime  and limiting the discharge.  

The discharge curves  show the oxygen electrode 

When one observes  . 
, only symptoms measurable  at  the terminals  of the cell, it would seem that 

. in  the sho r t  charge t ime the anode is not becoming fully charged.  In reali ty,  

however, the re ference  electrode readings show that the anode is never  fully 

discharged, and that the cathode is polarizing severely on d ischarge  each cycle. 

Thenthe smaller amount of charge needed by the anode limits the  charge cycle. 

F u r t h e r  deterioration of the oxygen electrode at  cycle 1 3  is shown in  

The discharge potential of the oxygen electrode is lower and 

Also, we note that the init ial  charging 

Figure 8. 
polarization to  fa i lure  occurs  sooner.  

potential  of the oxygen electrode has  increased  f r o m  about 0.63 volt to  0.78 
volt v e r s u s  Hg/HgO. This puts the  cell  charging voltage ve ry  nea r  the cut off 

of 1 .75 volts at the ve ry  s t a r t  of the  charge cycle.  

voltage reaches  the cutroff voltage within two minutes as shown in F igure  9 
(cycle 14). 

been lost .  

In the next cycle the charge 

The oxygen electrode ability to function on discharge has  a l so  

W e  do not know what causes  the breakdown of the Amer ican  Cyanamid 

electrode, but we a r e  trying to  find out.  Cells have been built with a third 

charging electrode so that  the "Lab-40" electrode is isolated during charge 

in  the same way the Union Carbide T-2 electrode is used. Only a ve ry  few 

cycles have been completed to  date, s o  that no conclusions may  be  reached 

as yet. 

3.  

Both the two-electrode and three-electrode s y s t e m  have been tes ted 

24-Hour Charge/24-Hour Discharge ---- Rezime -- - -----I__ 7 

on a 24-hour charge/24-hour discharge regime.  

on the two-hour charge/two-hour discharge reg ime to  charac te r ize  them with 

r e spec t  to previous ce l l s .  

r eg ime  is shown in  Table IV. 
shown i n  Tables V and VI.  As is to b e  expected, discharge voltages a r e  

higher  and the cadmium electrode efficiency is be t te r  so  that the capacity 

The cel ls  w e r e  first cycled 

Average performance of these ce l l s  on the two-hour 

Cel l  performance on the 24-hour reg ime is 
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i n  t e r m s  of watt-hours p e r  pound of active components is great ly  increased .  

Typical charge and discharge curves  fo r  cells  on the 24-hour reg ime a r e  

shown i n  F igures  10 and 11. 

e lec t rodes  in  e i ther  s y s t e m  at this lower cu r ren t  density. 
cel l  has  completed 15 cycles and the three- e lectrode ce l l  has completed 

39 cycles  to date. 

W e  have had no problems with the oxygen 

The two-electrode 

. 

I 

TAB LE IV. ---- 

PERFORMANCE O F  SYSTEMS ON TWO-HOUR REGIME PRIOR TO 
TESTING O N  24-HOUR REGIME 

3-Electrode Cel l  2-Electrode Cel l  

Cd Wcight 0.0222 lbs. 0.0206 lbs .  

Component Weight (1  1 0.127 lbs. 0.174 lbs .  

C u r  ren t  Density 11.1 m A / c m  '(') 11.7 mA/cm' 

Discharge Voltage 0.8 volt 0.82 volt 

Input 1.71 amp-hr  1.59 amp-hr  

output  1.68 a m p - h r  1 .35 amp-hr  

Component Output IO. 6 1 W-hr / lb  6 .37  W-hr / lb  

Components consis t  of oxygen electrode, electrolyte,  
cadmium electrode.  

( 2 )  All  values a re  ave rage  values for  total  number of cycles 
completed . 

4. Tempera tu re  Studies 

Unit ce l l s  of both the two-electrode and three-e lec t rode  sys t ems  have 
The ce l l s  will  be  tes ted  in  the environ- 

* 
been built for  testing at 0 "  and 40°C. 

mental  facilities of the Union Carbide Computer Tes t  Faci l i ty  as soon a s  

Test ing Stations a re  available. 
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TABLE V. 

PERFORMANCE O F  THE TWO-ELECTRODE SYSTEM 
O N  THE 24-HOUR R A T E  

Current  Ampere- Watt- Hr /lb 
Cycle Hour Discharge Hour Component Dens i tx 

(1) output  

Ampere-  

No. Input Voltage ( m a / c m  ) Output 

2 1. 73 0. 895 ' 1.20 1. 68 8.65 

4 1.92 0. 90 ' 1.37 1. 88 .11. 00 

8 1.92 0. 91 1.37 1. 61 8.41 

11 1.92 . 0.91 1.37 1. 83 9.59 

13 1. 8 7  0. 90 1.34 1. 79 9. 24 

15 1. 85 0. 90 1. 32 1. 8 2  9.44 - 
(1) Components consist  of oxyg'en electrode, electrolyte,  cadmium electrode. 

TABLE VI. 

P E R F O R m N C E  O F  THE THREE-ELECTRODE SYSTEM 
O N  THE 24-HOUR RATE 

Ampc rc- Cur r c 11 t Amp c r c - Wntt- IIr / lb  
Cyclc IIour Di s cha r g c Density I-lour c 0111po 11 c 11 t 

No. Input Voltage (ma/cm2)  Output ou tput  (1) 
- 

2 2.40 0.90 1. 72 2. 17 15.40 

3 2.40 0.90 1. 72 2.12 15. 00 

7 2.40 0.90 1. 56") 2. 16 15.30 t 

15 2.40 0.93 1. 17 1. 64 12.00 

33 2.40 0. 90 1.39 1.94 13. 75 

36 2.40 0. 89 1.49 2.09 14.65 

38 2. 23 0. 88 1. 60 2. 19 15.20 

Component consis ts  of oxygen electrode, electrolyte and cadmium 
electrode. 
Cell  discharged at constant voltage f r o m  cycle 7 to 15 inclusive. All 
others at constant current .  

(1) 

(2)  
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. 

Cadmium electrodes containing approximately four t imes  a s  much 

cadmium a s  the present ly  used electrode have been prepared  and a r e  being 

tested. A t h ree  inch squa re  electrode, with cadmium deposited at nine amp- * 

e r e s  for  one hour,  has produced an  electrode capable of producing one 

ampere  for  seven hours  o r  0 .121  amp-hr  p e r  squa re  cent imeter .  

few cycles have been completed at  this time. 
Only a 

NEW TECHNOLOGY 
---_----I_- 

There are  no new technological advances falling within the  scope of . 

this contract  to  be repor ted  a t  this time. 

. PROGRAM FOR THE NEXT REPORTING PERIOD 
I---___-----I__ 

The problems we have had with the Amer ican  Cyanamid electrode have 

not been noted i n  s i m i l a r  work with zinc-oxygen ba t te r ies .  We plan to  m a k e  a 

thorough comparison of the  two systems in  an  attempt to  discover  the reasons 

for  the oxygen electrode fai lures .  Until we have r eason  t o  believe these 

problems a r e  solved, we will  continue our  work with the three-e lec t rode  

sys t em i n  para l le l  p r o g r a m s  with the Amer ican  Cyanamid electrode and the 

Union Carbide electrode. 

We plan to  f r e e z e  on a ce l l  construction and to complete evaluation of 

the s y s t e m  under the four charge/discharge reg imes  required.  The ce l l  

behavior over  the specified temperature  range of 0" to 40°C will  also be  

explored. 

It is believed that an optimum oxygen p r e s s u r e  in  the gas  space  behind 

the cathode can  improve oxygen electrode performance and cycle l ife.  
effect of this  factor over  a l imited range will  be  evaluated. 

The 

I 

CONCLUSIONS AND RECOMMENDATIONS ----------- -- 
During the pas t  quarter ,  work with the two-electrode sys t em has  

brought to  light a problem with the American Cyanamid oxygen electrode. 

This e lectrode tends to  deter iorate  under the stress of the two-hour charge /  

two-hour discharge regime.  The problem is being studied but until causes  

and solutions for  the problem can  be found, it is deemed advisable to  c a r r y  

on the work of the p r o g r a m  with the three-electrode sys tem.  
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The polypropylene ma t  separator  previously used as a charging 

electrode separa tor  does not provide for adequate oxygen evolution during 

charging. Some f o r m  of space r  must  be provided which will  give a f r e e  

path for oxygen escape.  

In the g rea t  major i ty  of ce l l s  tested, end of cycle life has  been 

. caused by oxygen electrode deterioration. In general ,  the  Amer ican  Cyanamid 

electrode has  shown be t te r  init ial  performance, but has  de te r iora ted  m o r e  

rapidly, so that in the long run  the Union Carbide electrode with the auxiliary 

electrode has  given the  longest cycle  life. 

electrode will be the bet ter  e lectrode in a th ree-e lec t rode  s y s t e m  remains  to 

be determined. However, we f ee l  i t  is too ear ly  to  s tandardize on one electrode, 

and we should continue to  run  paral le l  p rog rams  using both electrodes.  

l imited study to evaluate the effect of oxygen p r e s s u r e  in the gas  space  is 

recommended a s  a means  of extending cycle life of the  Union Carbide electrode. 

Whether the Amer ican  Cyanamid 

A 
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